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Evaluation of Haematological and Lipid Profile Parameters and Their Interrelationship in Type 2 Diabetes Mellitus Subjects in Yenagoa, Nigeria.


ABSTRACT
[bookmark: _Hlk197781579]Background: Type 2 diabetes mellitus poses a significant global health challenge contributing to elevated morbidity and mortality. Growing evidence indicates that type 2 diabetes mellitus is closely associated with alterations in haematological and lipid parameters, mediated by chronic hyperglycaemia and systemic inflammation. However, data from sub-Saharan Africa and Nigeria remain limited. This study aimed to characterize haematological and lipid profile changes in Nigerian type 2 diabetes mellitus patients and explore potential correlations between these parameters.
Methods: A cross-sectional study was conducted involving 300 participants (200 diabetic patients and 100 non-diabetic controls), aged 40–85 years, recruited from the Federal Medical Centre, Yenagoa, Nigeria. Standardized protocols were employed to measure anthropometric indices (weight, height, body mass index) and blood pressure. Fasting venous blood samples were collected and analysed for fasting blood sugar, total cholesterol, triglycerides, high-density lipoprotein and low-density lipoprotein using a semi-auto analyzer. Haematological parameters: packed cell volume, haemoglobin concentration, red blood cell count, platelet count, total white blood cell count, neutrophils, lymphocytes, monocytes, eosinophils, and basophils using an automated haematology analyser.
Results: Compared to controls, diabetic subjects exhibited significantly elevated systolic, diastolic, and mean arterial blood pressures (p < 0.05). Type 2 diabetes mellitus subjects demonstrated significantly lower red blood cell count, haemoglobin concentration, packed cell volume, lymphocytes and basophil percentage counts, alongside elevated neutrophil percentage counts (p < 0.05). Additionally, diabetic subjects had higher fasting blood sugar, total cholesterol, triglycerides, low-density lipoproteins, and high-density lipoprotein levels (p < 0.05). Significant positive correlations were observed between total white blood cell and low-density lipoproteins; percentage neutrophil counts and total cholesterol; eosinophil percentage count with both triglycerides and low-density lipoproteins; and platelet count with triglycerides and low-density lipoproteins. Conversely, significant negative correlations were identified between lymphocytes and total cholesterol, as well as between basophil percentage count and low-density lipoproteins.
Conclusion: T2DM is associated with haematological and lipid alterations. The observed correlations between immune-inflammatory markers and lipid abnormalities suggest an interplay between metabolic and haematological dysregulation. These parameters may serve as affordable biomarkers for monitoring type 2 diabetes mellitus progression in Nigeria.
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INTRODUCTION
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent elevated blood glucose levels (hyperglycaemia) resulting from defects in insulin secretion, insulin action, or both [1-3]. The condition leads to impaired carbohydrate, fat, and protein metabolism due to insufficient insulin activity, which is essential for glucose uptake by cells [4, 5]. DM is diagnostically defined by the World Health Organization (WHO) based on specific glycaemic thresholds: a fasting blood sugar (FBS) level of ≥7.0 mmol/L after an 8-hour fast or/and a 2-hour blood sugar of ≥11.1 mmol/L during a 75g oral glucose tolerance test (OGTT) also meets diagnostic criteria. Additionally, an HbA1c level of ≥6.5% (48 mmol/mol is recognized as indicative of diabetes [5, 6].  While asymptomatic individuals require two abnormal results on separate days for confirmation, a random blood sugar (RBS) level of ≥11.1 mmol/L will suffice for diagnosis for symptomatic persons [7-9].  Diabetes mellitus exhibits a highly variable clinical presentation, with manifestations ranging from overtly symptomatic to clinically silent cases detected only through laboratory screening [1]. The classic triad of symptoms includes excessive urination (polyuria), intense thirst (polydipsia) and increased hunger (polyphagia) often accompanied by unintentional weight loss and fatigue, though many persons particularly those with type 2 diabetes - may remain asymptomatic for years despite persistent hyperglycaemia [1, 6, 7, 10]. DM is primarily classified into two major forms based on aetiology and pathophysiology. Type 1 diabetes mellitus (T1DM) results from the autoimmune-mediated destruction of pancreatic β-cells, leading to absolute insulin deficiency while type 2 diabetes mellitus (T2DM) arises from a combination of insulin resistance in peripheral tissues and progressive β-cell dysfunction causing relative insulin deficiency [6, 11, 12]. Both forms share the common feature of chronic hyperglycaemia leading to impaired function and long-term damage of vital organs and tissues, such as the retina, kidneys, nerves, heart, and blood vessels, ultimately contributing to end-organ failure [7, 13-15]. Type 2 diabetes mellitus (T2DM) accounts for the overwhelming majority of diabetes cases worldwide with approximately 90-95% of all diabetes cases in adults being type 2, establishing it as the most prevalent form of the disease and hence commonly referred to simply as "diabetes" in general discourse [1, 16]. The pathophysiology of T2DM is characterized by two fundamental metabolic defects: peripheral insulin resistance in target tissues (skeletal muscle, adipose tissue, and liver) and progressive pancreatic β-cell dysfunction. Insulin resistance disrupts glucose homeostasis by impairing insulin-mediated glucose uptake in muscle and adipose tissue while exacerbating hepatic glucose output via uncontrolled gluconeogenesis. Pancreatic β-cell dysfunction impairs the compensatory insulin secretory response to glycaemic demands, resulting in a relative insulin deficiency. When coupled with peripheral insulin resistance, this defect disrupts systemic glucose homeostasis, ultimately manifesting as chronic hyperglycaemia, as seen in T2DM [1, 12, 17]. 

Type 2 diabetes mellitus (T2DM) has emerged as a major global health challenge, ranking among the top causes of mortality and disability worldwide. In 2024, an estimated 589 million adults aged 20–79 years worldwide were living with diabetes, representing approximately 11.1% of the global adult population (about 1 in 9 adults) [18]. Epidemiological data reveals a dramatic increase in T2DM burden over three decades: incident cases surged from 8.4 million in 1990 to 21.7 million in 2019, representing a 158% increase. Mortality rates followed a similar trajectory, escalating from 606,407 deaths in 1990 to 1.5 million in 2019. Prevalence data demonstrate an equally concerning trend, with affected individuals rising from 148.4 million to 437.9 million during the same period [16, 19, 20].  In Africa, diabetes prevalence has been rising rapidly, with approximately 24 million adults (20–79 years) affected in 2021[21]. In Nigeria there has been a sharp increase in T2DM prevalence, affecting 7.0% of adults in 2024 [22] and 5.7% o in 2021 [21] with the highest prevalence seen in the south-south geopolitical zone [22]. Urban areas report higher rates (7–10%) compared to rural regions (3–5%), reflecting lifestyle and dietary changes [23]. However, over 50% of cases of T2DM in Africa remain undiagnosed, leading to late-stage complications [24]. 
T2DM has been associated with several alterations in haematological and lipid profile parameters which are fuelled by poor glycaemia. Reports have shown changes in red blood cell count (RBC), total white blood cell count (WBC), platelet counts and other coagulation factors [25-28]. T2DM is strongly associated with dyslipidaemia, a pathological alteration of blood lipid profiles that significantly elevate cardiovascular disease (CVD) risk. The hallmark of lipid abnormalities in T2DM include: elevated triglycerides (TG), increased concentrations of atherogenic low-density and very-low-density lipoproteins (LDL and VLDL), reduced cardioprotective high-density lipoprotein (HDL) levels, and impaired postprandial lipid clearance. These metabolic disturbances, collectively termed "diabetic dyslipidaemia," arise primarily from insulin resistance and chronic hyperglycaemia, which disrupt normal lipid metabolism through multiple pathways including enhanced hepatic VLDL production, decreased lipoprotein lipase activity, and impaired HDL maturation [1, 29]. While numerous studies have investigated type 2 diabetes mellitus (T2DM) in major urban centres, there remains a significant knowledge gap regarding its impact on haematological and lipid profiles in Yenagoa, Nigeria—a region with distinct ethnic, genetic, socioeconomic, and lifestyle factors that may influence disease presentation and complications. Furthermore, comprehensive assessments of haematological and lipid profile abnormalities in T2DM patients from this region are scarce. Additionally, only a few studies [26, 28] have explored the potential interrelationship between these parameters in affected individuals, limiting our understanding of their combined role in disease aetiology, progression and cardiovascular risk. The present study therefore aims to evaluate the impact of T2DM on haematological and lipid profile parameters to characterise and identify possible correlations between these indices.
MATERIALS AND METHODS

Study Population
A total of 300 participants (aged 40–85 years) were recruited for the study, including 200 diabetic and 100 non-diabetic individuals. The diabetic subjects consisted of patients with a confirmed diagnosis of T2DM based on World Health Organization (WHO) diagnostic criteria [5], as documented in their medical records, who were receiving routine care at the outpatient diabetes clinic of the Federal Medical Centre, Yenagoa, Nigeria. Recruitment followed a one-stage cluster sampling technique. Inclusion criteria for diabetics required confirmed T2DM, age between 40 and 85 years, residency in Yenagoa for at least four years, stable health, and use of oral hypoglycaemic agents without any acute illness in the past five months. Exclusion criteria included patients on lipid-lowering therapy, those with Type 1 diabetes, and individuals with Type 2 diabetes under 40 years old. These criteria ensured a homogeneous diabetic cohort while minimizing confounding variables. Non-diabetic controls consisted of apparently healthy adults (40–85 years) with no history of diabetes or hypertension, residing in Yenagoa for at least four years, and free from serious illness in the past five months. Exclusion criteria for controls included pregnancy, lactation, cardiovascular disease (CVD), chronic kidney disease (CKD), liver disease, malignancy, and autoimmune disorders. All participants were fully informed about the study’s objectives, procedures, and potential implications. They voluntarily provided written informed consent in accordance with ethical research guidelines.

Data Collection and Laboratory Analysis. 
A structured questionnaire was administered to the consenting participants to obtain demographic and clinical information. The weight and height were measured using a SECA scale and the body mass index (BMI) was calculated. Blood pressure readings were obtained using an aneroid sphygmomanometer (Wuxi Yuqing Medical, China) and a Littmann stethoscope (USA) after the participants had rested for five minutes in a seated position. Three consecutive measurements were taken at one-minute intervals, and the average reading was recorded. Venous blood samples (5ml) were collected, after a minimum 8-hour fasting period. Blood was aliquoted into EDTA sample tubes for lipid profile and haematological analysis and fluoride oxalate sample tubes for glucose assay. Glucose and lipid parameters were analysed using a BC300 semi-auto biochemistry analyser (BC300, China) while haematological indices were measured with a Mindray automated haematology analyser (BC-5300, China).
Ethical Consideration
All procedures in this study strictly adhered to the highest ethical standards set by the World Medical Association (WMA) Helsinki Declaration, first established in 1964 and most recently revised in 2024 [30].  Before participating in the study, each individual provided informed consent by signing a consent form. The research design and protocol were formally approved by the Research Ethics Committee of the Federal Medical Centre, Yenagoa (Protocol Number: 130).

Statistical Analysis
Statistical analysis was performed using SPSS software (version 25). Continuous variables were expressed as mean ± standard deviation. Comparisons between diabetic and non-diabetic participants were conducted using Student's t-tests. A p-value of less than 0.05 (p<0.05) was considered statistically significant.

RESULTS
[bookmark: _Hlk194487800]Table 1: Age, body mass index and blood pressure of the study population
	
Parameters
	Non-diabetic
n=100
	Diabetic
n=200
	t-test
(p-value)

	Age (years)
	56.16±6.93
	56.92±8.56
	0.44

	Body mass index (kg/m2)
	28.72±4.24
	28.08±3.97
	0.20

	Systolic blood pressure (mmHg)
	122.66±10.22
	131.62±11.26*
	0.01

	Diastolic blood pressure (mmHg)
	75.22±10.49
	81.59±10.66*
	0.01

	Mean arterial pressure (mmHg)
	90.87± 9.66
	98.10±10.52*
	0.01



Table 1 shows the age, body mass index and blood pressure characteristics of the study population comparing 100 non-diabetic and 200 diabetic subjects. No significant difference was observed in age (56.16 ± 6.93 vs. 56.92 ± 8.56 years, p = 0.44) or body mass index (28.72 ± 4.24 vs. 28.08 ± 3.97 kg/m², p = 0.20). However, diabetic subjects exhibited significantly higher systolic blood pressure (131.62 ± 11.26 vs. 122.66 ± 10.22 mmHg, p = 0.01), diastolic blood pressure (81.59 ± 10.66 vs. 75.22 ± 10.49 mmHg, p = 0.01), and mean arterial pressure (98.10 ± 10.52 vs. 90.87 ± 9.66 mmHg, p = 0.01) compared to non-diabetic subjects.
Table 2: Gender variations of BMI and blood pressure of the study population 
	
	Male
	Female

	
Parameters
	Non-Diabetic
n=62
	Diabetic
n=100
	Non-Diabetic
n=38
	Diabetic
n=99

	Age (years)
	56.58±7.60
	58.93±9.83
	55.47±5.7
	54.87±6.36

	BMI (kg/m2)
	28.93±4.52
	27.13±3.40*
	28.25±3.77
	29.05±4.29

	SBP (mmHg)
	123.29±11.37
	132.83±10.96*
	121.63±8.02
	130.82±11.49*

	DBP (mmHg)
	76.16±11.76
	82.84 ±11.73*
	73.68±9.20
	80.31±9.74*

	MAP (mmHg)
	91.71±10.37
	85.62±10.95*
	89.51±8.33
	96.84±9.96*


Results are given as mean ±standard deviation.
*Significantly different compared to the non-diabetic control
Table 2 presents gender-based differences in BMI and blood pressure parameters within the study population. The data indicate that diabetic males had significantly lower BMI (27.13 ± 3.40 vs. 28.93 ± 4.52 kg/m², p < 0.05). However, they had higher systolic blood pressure (132.83 ± 10.96 vs. 123.29 ± 11.37 mmHg, p < 0.05) and diastolic blood pressure (82.84 ± 11.73 vs. 76.16 ± 11.76 mmHg, p < 0.05) and mean arterial pressure 85.62±10.95 vs. 91.71±10.37, p<0.05 compared to non-diabetic males.  On the other hand, diabetic females exhibited higher BMI (29.05 ± 4.29 vs. 28.25 ± 3.77 kg/m²), systolic blood pressure (130.82 ± 11.49 vs. 121.63 ± 8.02 mmHg, p < 0.05), and diastolic blood pressure (80.31 ± 9.74 vs. 73.68 ± 9.20 mmHg, p < 0.05) and mean arterial pressure (96.84±9.96 vs 89.51±8.33) compared to non-diabetic females.  

Table 3: Haematological profile of the study population
	
Parameters
	Non-diabetic
n=100
	Diabetic
n=200
	t-test
(p-value)

	Red blood cell count (x1012/L)
	4.66±0.64
	4.44±0.66*
	0.01

	Haemoglobin conc. (g/dI)
	12.98±1.53
	12.37±1.41*
	0.01

	Packed cell volume (%)
	39.86±5.12
	37.73±4.15*
	0.01

	Mean cell haemoglobin (g/l)
	27.76±3.33   
	28.02±3.01
	0.48

	Mean cell volume (fl)
	85.31±6.25           
	85.16±7.37
	0.89

	Mean cell haemoglobin conc. (g/dl)
	32.57±1.94           
	32.70±1.51
	0.52

	Total white blood cell count (x109/L)
	5.03±1.23
	4.93±1.34
	0.54

	Neutrophil (%)
	40.63±10.07
	44.83±10.61*
	0.01

	Lymphocytes (%)
	47.05±11.61
	43.69±10.27*
	0.01

	Monocyte (%)
	6.23±2.47
	5.92±1.97
	0.14

	Eosinophil (%)
	5.36±3.80
	5.14±5.78
	0.74

	Basophil (%)
	1.63±1.68
	0.93±0.73*
	0.01

	Platelet (x109/L)
	222.84±141.68
	199.4±6.61
	0.06


[bookmark: _Hlk150975821]Results are given as mean ±standard deviation.
*Significantly different compared to the non-diabetic control.  

Table 3 shows variations in haematological parameters of non-diabetic and diabetic subjects. Diabetic subjects showed significantly lower red blood cell count (4.44 ± 0.66 vs. 4.66 ± 0.64 ×10¹²/L, p = 0.01), haemoglobin concentration (12.37 ± 1.41 vs. 12.98 ± 1.53 g/dL, p = 0.01), and packed cell volume (37.73 ± 4.15 vs. 39.86 ± 5.12%, p = 0.01). Neutrophil percentages were higher (44.83 ± 10.61 vs. 40.63 ± 10.07%, p = 0.01), while lymphocyte percentages were lower (43.69 ± 10.27 vs. 47.05 ± 11.61%, p = 0.01) in diabetic subjects. Basophil percentages were also significantly reduced (0.93 ± 0.73 vs. 1.63 ± 1.68%, p = 0.01). No significant differences were observed in mean cell haemoglobin, mean cell volume, or total white blood cell count.
Table 4: Gender variations of the haematological parameters of the study population 
	
	Male
	Female

	
Parameters
	Non-diabetic
n=62
	Diabetic
n=101
	Non-diabetic
n=38
	Diabetic
n=99

	RBC (x1012/L)
	4.81±0.72
	4.60±0.70
	4.42±0.47
	4.28±0.52

	HB (g/dI)
	13.32±1.69
	12.86±1.63
	12.42±1.02
	11.89±0.91*

	PCV%
	40.79±5.92
	39.01±4.58*
	38.34±2.94
	36.43±3.20*

	MCH (g/l)
	27.74±3.09
	28.25±3.26
	27.78±3.74
	27.78±2.74

	MCV (fl)
	84.32±6.13
	85.55±7.51
	86.91±6.32
	84.82±7.27

	MCHC (g/dl)
	32.65±1.86
	32.63±1.42
	32.45±2.06
	32.78±1.59

	WBC (x109/L)
	4.98±1.21
	4.75±1.10
	5.10±1.26
	5.11±1.53

	NEUT (%)
	39.28±9.32
	43.62±10.25*
	42.82±10.96
	46.06±10.83

	LYM (%)
	49.35±9.64
	44.11±10.07*
	43.29±13.55
	43.25±10.49

	MON (%)
	6.12±2.11
	5.98±1.78
	6.22±2.10
	5.73±2.04

	EOS (%)
	6.12±4.40
	5.18±3.06
	4.10±2.02
	5.11±7.63

	BAS (%)
	1.82±4.12
	0.86±0.37*
	1.24±0.82
	1.01±0.97

	PLT (x109//L)
	187.98±64.92
	185.98±53.66
	279.79±203.45
	213.27±71.82


Results are given as mean ±standard deviation.
*Significantly different compared to the non-diabetic control
Table 4 depicts gender-based differences in haematological parameters within the study population. The data show that diabetic males had significantly reduced packed cell volume (39.01±4.58 vs. 40.79±5.92 %, p<0.05), percentage lymphocyte count (44.11±10.07 vs. 49.35±9.64) and percentage basophil count (0.86±0.37 vs. 1.82±4.12 %, p<0.05). However, neutrophil percentage count was higher in diabetic males (43.62 ± 10.25 vs. 39.28 ± 9.32%, p < 0.05). Also, diabetic females had significantly lower haemoglobin concentration (11.89 ± 0.91 vs. 12.42 ± 1.02 g/dL, p < 0.05) and packed cell volume (36.43 ± 3.20 vs. 38.34 ± 2.94%, p < 0.05) compared to non-diabetic females.  

Table 5: Fasting blood sugar and lipid profile of the study population
	
Parameters
	Non-diabetic
n=100
	Diabetic
n=200
	t-test
(p-value)

	Fasting blood sugar (mmol/1)
	4.39±0.44
	10.80±2.21*
	0.01

	Total cholesterol (mmol/1)
	4.40±0.63
	5.70±0.94*
	0.01

	Triglycerides (mmol/l)
	0.89±0.27
	1.23±0.48*
	0.01

	High-density lipoprotein (mmol/1)
	0.92±0.19
	1.23±0.33*
	0.01

	Low-density lipoprotein (mmol/l)
	3.05±0.06
	3.87±0.60*
	0.01


Results are given as mean ±standard deviation.
*Significantly different compared to the non-diabetic control

Table 5 shows the fasting blood sugar and lipid profile of the study population. Fasting blood sugar was markedly elevated in diabetic subjects (10.80 ± 2.21 vs. 4.39 ± 0.44 mmol/L, p = 0.01). Diabetic subjects also had higher total cholesterol (5.70 ± 0.94 vs. 4.40 ± 0.63 mmol/L, p = 0.01), triglycerides (1.23 ± 0.48 vs. 0.89 ± 0.27 mmol/L, p = 0.01), high-density lipoprotein (1.23 ± 0.33 vs. 0.92 ± 0.19 mmol/L, p = 0.01), and low-density lipoprotein levels (3.87 ± 0.60 vs. 3.05 ± 0.06 mmol/L, p = 0.01).

Table 6: Gender variations of fasting blood sugar and lipid profile of the study population 
	
	Male
	Female

	
Parameters
	Non-diabetic
n=62
	Diabetic
n=101
	Non-diabetic
n=38
	Diabetic
n=99

	FBS (mmol/1)
	4.35±0.45
	10.80±2.22*
	4.46±0.43
	10.79±2.21*

	TC (mmol/1)
	4.34±0.66
	5.50±0.86*
	4.50±0.54
	5.8±0.93*

	TG (mmol/l)
	0.87±0.27
	1.21±0.50*
	1.05±0.23
	1.25±0.46*

	HDL (mmol/1)
	0.90±0.01
	1.08±0.29*
	0.96±0.19
	1.26±0.34*

	LDL (mmol/l)
	3.03±0.52
	3.75±0.54*
	3.98±0.65
	3.72±0.73*



Table 6 shows sex-based variations in fasting blood sugar and lipid profile of the study population. Both diabetic males and females had significantly elevated fasting blood sugar, total cholesterol, triglycerides, high-density lipoproteins and low-density lipoproteins.   (10.80 ± 2.22 and 10.79 ± 2.21 mmol/L, respectively, p < 0.05) compared to non-diabetic counterparts.  

Table 7: Correlation coefficients(r) between Haematological and oxidative among diabetic subjects in Yenagoa, Nigeria. 
	Haematological 
Parameters
	Lipid Profile Parameters

	
	TC (mmol/l)
	TG (mmol/l)
	HDL (mmol/l)
	LDL (mmol/l)

	RBC (x1012/L)
	-0.040
	0.047
	0.063
	-0.054

	HB (g/dI)
	-0.037
	0.060
	0.090
	0.065

	PCV
	-0.049
	0.087
	0.049
	0.004

	MCH (g/l)
	-0.094
	-0.069
	0.033
	-0.005

	MCV (fl)
	-0.138
	0.058
	0.011
	0.112

	MCHC (g/dl)
	0.118
	-0.056
	0.060
	-0.008

	WBC (x109/L)
	0.028
	0.072
	-0.059
	0.147*

	NEUT (%)
	0.166*
	-0.096
	0.058
	0.017

	LYM (%)
	-0.179*
	0.087
	-0.083
	-0.062

	MON (%)
	0.150*
	-0.008
	0.050
	0.114

	EOS (%)
	-0.123
	0.209*
	-0.025
	0.229*

	BAS (%)
	-0.010
	-0.098
	0.019
	-0.157*

	PLT (x109//L)
	0.091
	0.174*
	0.125
	0.163*


*Significant Pearson correlation (p<0.05)
[bookmark: _Hlk196397925]Table 7 presents the relationship between haematological and lipid profile parameters among diabetic individuals in Yenagoa, Nigeria. Significant positive correlations were observed between total white blood cell count and low-density lipoproteins  (r = 0.147, p < 0.05), neutrophil percentage count and total cholesterol (r = 0.166, p < 0.05), eosinophil percentage and both triglycerides (r = 0.209, p < 0.05) and low-density lipoproteins (r = 0.229, p < 0.05), as well as between platelet count and both triglycerides (r = 0.174, p < 0.05) and low-density lipoproteins  (r = 0.163, p < 0.05). Conversely, significant negative correlations were noted between lymphocyte percentage count and total cholesterol (r = -0.179, p < 0.05), and between basophil percentage count and low-density lipoproteins (r = -0.157, p < 0.05).  
DISCUSSION
Type 2 diabetes mellitus (T2DM) has become a significant global health concern, ranking among the leading causes of death and disability worldwide. In Nigeria, the prevalence of diabetes is notably high, particularly in the south-south geopolitical zone, likely influenced by ethnic, lifestyle, and dietary factors. T2DM is known to disrupt haematological and lipid profile parameters, yet limited research exists on the relationship between these alterations in affected individuals. The present study evaluated the impacts of T2DM on haematological and lipid profiles, examining potential correlations between these parameters. With the diabetic and non-diabetic subjects age-matched and no difference in their BMI among the study population, the diabetic subjects had significantly higher, systolic, diastolic and mean arterial pressure compared to the non-diabetic subjects (p<0.05) (Table 1). This could be due to hyperglycaemia-induced vascular remodelling and increased peripheral resistance which raises the blood pressure [31-33]. Also, hyperglycaemia induces the non-enzymatic glycation of proteins, lipids, and nucleic acids, resulting in the formation of advanced glycation end products (AGEs). The accumulation of AGEs in vascular tissues exacerbates inflammation, oxidative stress, and arterial stiffness, thereby contributing to the development of hypertension [33-36]. It was also observed that male diabetics had higher blood pressure parameters compared to female diabetics (Table 2). This could be attributed to the effect of estrogen in premenopausal women which exerts cardioprotective effects by enhancing endothelial function and reducing arterial stiffness, thereby mitigating hypertension risk [37, 38]. In contrast, males lack this estrogen-mediated protection, predisposing them to earlier hypertension onset [39]. Additionally, androgens in males contribute to hypertension through mechanisms such as sodium retention, sympathetic nervous system overactivation, and vascular remodelling, which collectively elevate peripheral vascular resistance, increasing blood pressure [39, 40]. The present study demonstrates that, despite age and BMI matching, diabetic subjects exhibited significantly higher systolic, diastolic, and mean arterial pressures compared to non-diabetics with males having higher mean values compared to the females. This highlights the interplay of metabolic and sex-specific hormonal factors in hypertension pathogenesis among diabetics.

Effect of T2DM on Haematological Parameters
Haematological parameters serve as critical indicators of systemic health and disease progression [41, 42]. Their assessment is particularly vital in chronic conditions like diabetes mellitus (DM), where metabolic disturbances can lead to haematological abnormalities, influencing both disease management and clinical outcomes [43, 44]. Data from the present study observed significantly lower RBC, HB, and PCV among diabetic individuals compared to non-diabetics (p<0.05) (Table 3). This reduction could be due to possible diabetic nephropathy which reduces erythropoietin (EPO) synthesis, a hormone critical for RBC production [45-47] and may lead to the sympathetic denervation of the kidney due to diabetic autonomic neuropathy which further disrupts the release of EPO, impairing the production of RBCs [47, 48]. Further, hyperglycaemia as seen in diabetics has been shown to cause alterations in RBC morphology and metabolism which reduces their lifespan and number, leading to reductions in PCV and HB. Additionally, studies have shown that prolonged duration of diabetes exacerbates systemic inflammation, characterized by elevated proinflammatory cytokines such as interleukin – 6 (IL-6) and tumour necrosis factor -α (TNF-α) which impair erythropoiesis by reducing erythroid progenitor sensitivity to erythropoietin (EPO) and promoting apoptosis of immature erythrocytes. This process leads to decreased RBC production and, consequently, lower circulating haemoglobin levels [48-50]. When the data were stratified by gender, male diabetics exhibited lower packed cell volume (PCV) than male non-diabetics, while female diabetics showed significantly reduced haemoglobin (HB) and PCV levels compared to their non-diabetic counterparts. However, no significant differences in red blood cell (RBC) counts were observed between diabetics and non-diabetics in either gender group. The present study also observed significantly higher neutrophil percentage count and significantly lower basophil and lymphocyte percentage counts among diabetic individuals compared to the control (p<0.05) (Table 3). Proinflammatory cytokines like IL-6 and TNF-α in diabetes have been shown to promote lymphocyte apoptosis and reduce circulating lymphocyte populations, particularly CD4+ and CD8+ T cells [51-53] while oxidative stress from hyperglycaemia damages lymphocyte DNA and mitochondria, impairing their proliferation and survival [52, 54]. Also, insulin resistance disrupts bone marrow haematopoiesis, skewing production toward myeloid cells like the neutrophils over lymphocytes, hence the observed lower lymphocytes and increased neutrophil percentages [51, 54]. The findings of this study align with previous research demonstrating significantly lower levels of RBC, Hb, and PCV, lymphocytes and increased neutrophils in diabetic individuals compared to non-diabetics [52, 55-59]

Effect of T2DM on Lipid Profile
Lipid profile assessment is a crucial diagnostic and prognostic tool in managing chronic diseases, particularly cardiovascular diseases (CVD), diabetes mellitus (DM), and metabolic syndrome [60, 61]. The present study observed higher total cholesterol, high-density lipoprotein, and low-density lipoprotein among diabetic individuals compared to the control (p<0.05) (Table 5). These lipid profile alterations are loosely referred to as diabetic dyslipidaemia and result from insulin resistance and persistent hyperglycaemia. These conditions impair lipid regulation by boosting very low density lipoproteins (VLDL) production in the liver, suppressing lipoprotein lipase function, and hindering HDL maturation [1, 29]. The observed hypertriglyceridemia in T2DM may result from insulin resistance-mediated reduction in lipoprotein lipase (LpL) activity, which impairs triglyceride (TG) clearance from very-low-density lipoproteins (VLDL) and chylomicrons. This is further exacerbated by increased de novo lipogenesis (DNL) that enhances hepatic TG synthesis [62, 63]. The observed elevation in total cholesterol (TC) may stem from hyperinsulinemia-driven VLDL overproduction, decreased LDL receptor activity, and formation of advanced glycation end products (AGEs) that collectively delay lipoprotein catabolism, thereby increasing TC levels [62, 64]. Also, the elevated LDL could be due to an insulin resistance-induced increase in hepatic lipase activity which converts buoyant LDL to atherogenic small dense LDL particles and delayed LDL clearance in the liver which prolongs LDL circulation time and increases their concentration [62-64]. In some diabetic individuals, as observed in this study, HDL levels may appear elevated which reflects a qualitative dysfunction rather than a beneficial increase. Prolonged hyperglycaemia promotes non-enzymatic glycation of HDL, accelerating its renal catabolism while promoting accumulation in vascular walls [62, 63]. Oxidative modification further renders HDL dysfunctional, potentially triggering compensatory hepatic production. Additionally, systemic inflammation, a hallmark of T2DM reduces HDL's antioxidant capacity and delays its clearance, prolonging circulation of dysfunctional particles. Collectively, glycation, oxidation, and inflammation transform HDL into a pro-atherogenic entity with diminished atheroprotective functions, including impaired cholesterol efflux and anti-inflammatory capacity [65, 66]. Both male and female diabetic patients exhibited significantly elevated lipid profile parameters compared to non-diabetic controls, suggesting minimal gender-specific variations in dyslipidaemia patterns within the diabetic population (Table 6). These findings are consistent with established literature demonstrating significantly elevated levels of total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and low-density lipoprotein (LDL) in diabetic individuals relative to non-diabetic controls [67-69], however, low HDL is a hallmark of diabetic dyslipidaemia [62, 70]
Relationships Between Haematological Indices and Lipid Profile in T2DM Subjects.
The present study further examined correlations between haematological and lipid profile parameters. The study data reveal significant positive correlations between total white blood cell count (WBC) and low-density lipoproteins (LDL); neutrophils and total cholesterol; eosinophils with both triglycerides and LDL; and platelet count with both triglycerides and LDL (Table 7). White blood cells (WBCs) are key components of the immune system, defending the body against infections and mediating inflammatory responses [71]. Persistent hyperglycaemia and hyperinsulinemia as seen in T2DM are characterized by chronic inflammation [52, 72, 73] which leads to elevated white blood cell (WBC) counts [74, 75]. The pro-inflammatory state promotes hepatic overproduction of very-low-density lipoprotein (VLDL) while concurrently impairing low-density lipoprotein (LDL) receptor-mediated clearance in the liver, ultimately leading to increased circulating LDL concentrations  [76-78]. These effects are further amplified by pro-inflammatory cytokines, particularly IL-6 and TNF-α, which both stimulate hepatic LDL synthesis and suppress LDL receptor expression, creating high LDL in circulation [53, 79]. Neutrophils are the most abundant white blood cells and serve as the immune system’s first responders to infection or injury [71].  In chronic inflammatory conditions like T2DM, neutrophil activation promotes oxidative modification of LDL and increases small dense LDL, which raises TC measurements [77, 78, 80]. Eosinophils are granulocytic white blood cells primarily known for their role in combating parasitic infections and modulating allergic responses [71, 78]. Elevated LDL cholesterol can activate eosinophils, stimulating the release of pro-inflammatory leukotrienes (LTs). These lipid mediators exacerbate metabolic dysregulation by promoting hepatic VLDL overproduction and impairing triglyceride (TG) clearance, thereby contributing to the persistence of atherogenic lipids in circulation [77, 81]. Platelets are small, anucleate cell fragments derived from megakaryocytes that play a crucial role in haemostasis by promoting blood clot formation at sites of vascular injury. Beyond their well-established role in haemostasis, platelets actively participate in inflammatory processes and metabolic dysfunction. They contribute to atherogenesis by oxidizing LDL cholesterol, which promotes foam cell formation and enhances LDL retention in arterial walls, impairing its systemic clearance. Additionally, platelet-derived inflammatory cytokines suppress lipoprotein lipase (LPL) activity, reducing triglyceride (TG) breakdown and elevating circulating TG levels. Furthermore, platelet activation stimulates hepatic overproduction of very low-density lipoprotein (VLDL), further increasing TG concentrations in the bloodstream [78, 80, 82, 83]. Data from the study also revealed significant negative correlations between lymphocytes and total cholesterol, and between basophils and low-density lipoproteins. Lymphocytes are a type of white blood cell crucial to the adaptive immune system, comprising B cells, T cells, and natural killer (NK) cells. They play key roles in identifying, targeting, and eliminating pathogens, as well as in establishing immunological memory [71, 84]. Proinflammatory cytokines (e.g., TNF-α, IL-6) as seen in T2DM drive lymphocyte apoptosis, reducing circulating lymphocyte counts, while simultaneously stimulating hepatic cholesterol synthesis. This dual mechanism contributes to elevated total cholesterol (TC) levels, linking immune dysfunction with dyslipidaemia [59]. Also, oxidative stress from hyperglycaemias damages lymphocyte mitochondria and DNA, impairing survival, while oxidized LDL further suppresses adaptive immunity [85, 86]. Basophils are the rarest granulocyte subset, comprising less than 1% of circulating WBCs, yet they serve critical functions in both innate and adaptive immune responses through their roles in inflammation and immunomodulation [71, 87]. Oxidized LDL appears to suppress basophil activation by inhibiting both histamine release and chemotactic responses, resulting in diminished tissue recruitment, leading to reduced circulating basophil levels [88]. Furthermore, elevated LDL levels are associated with a hypercoagulable state that may indirectly attenuate basophil activity through thrombin-mediated inflammatory pathways [88]. 

CONCLUSION
The current study demonstrates that type 2 diabetes mellitus is characterized by significant alterations in both haematological parameters and lipid profiles, revealing complex interconnections between these systems. These findings highlight an intricate relationship between haematological, immune-inflammatory, and metabolic dysregulation in T2DM. These measurable changes may serve as cost-effective and easily accessible biomarkers for monitoring disease progression and predicting complications in Nigerian populations.
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